Cas9-dependent endogenous gene regulation is required for bacterial virulence.
CRISPR (clustered regularly interspaced short palindromic repeats)-Cas (CRISPR-associated) systems are known to mediate bacterial defence against foreign nucleic acids. We recently demonstrated a non-canonical role for a CRISPR-Cas system in controlling endogenous gene expression, which had not previously been appreciated. In the present article, we describe the studies that led to this discovery, beginning with an unbiased genome-wide screen to identify virulence genes in the intracellular pathogen Francisella novicida. A gene annotated as encoding a hypothetical protein, but which we now know encodes the Cas protein Cas9, was identified as one of the most critical to the ability of F. novicida to replicate and survive during murine infection. Subsequent studies revealed a role for this protein in evasion of the host innate immune response. Specifically, Cas9 represses the expression of a BLP (bacterial lipoprotein) that could otherwise be recognized by TLR2 (Toll-like receptor 2), a host protein involved in initiating an antibacterial pro-inflammatory response. By repressing BLP levels, Cas9 mediates evasion of TLR2, promoting bacterial virulence. Finally, we described the molecular mechanism by which Cas9 functions in complex with two small RNAs to target the mRNA encoding the BLP for degradation. This work greatly broadened the paradigm for CRISPR-Cas function, highlighting a role in gene regulation that could be conserved in numerous bacteria, and elucidating its integral contribution to bacterial pathogenesis.